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Abstract: Phototrophic prokaryotes inhabit a diverse array of environments on our planet and also 
contain a wide range of chlorophylls and bacteriochlorophylls, encompassing both chlorin and 
bacteriochorin structures. Mass spectrometry, particularly coupled with liquid chromatography and 
used in conjunction with soft ionization techniques, has been pivotal in the assignment of closely 
related chlorophyll and bacteriochlorophyll structures from these organisms. This review considers the 
ecological niches of the phototrophic prokaryotes, together with the mass spectrometric study of their 
chlorophyll and bacteriochlorophyll pigments.  
Keywords: bacteriochlorophyll, chlorophyll f, chlorophyll d, fragmentation, liquid chromatography/mass spectrometry, 
photosynthetic bacteria. 
1. INTRODUCTION 
 Phototrophic prokaryotes are bacteria or archaea that 
obtain energy from light, and comprise a diverse array of 
microorganisms inhabiting a wide range of ecological niches 
from oxygenic, oceanic gyres (high light, low nutrients, 
oxygenated) to the monimolimnion of meromictic lakes 
(extremely low light intensity, sulphidic, anoxic). The 
Chlorophototrophic bacteria that use bacteriochlorophylls 
and/or chlorophylls to produce energy for growth are 
currently known to occur in seven phyla: Cyanobacteria, 
Proteobacteria, Chlorobi, Chloroflexi, Firmicutes, 
Acidobacteria, and Gemmatimonadetes. The chlorophylls of 
the phototrophic prokaryotes, in combination with the 
specialist design of the photosynthetic apparatus, have 
evolved to suit the ecological niche of the organism. Thus, a 
complex array of chlorophylls and bacteriochlorophylls from 
prokaryotic cells exist and have been studied using mass 
spectrometry, including those from cultures, natural 
populations, their diagenetic counterparts in sediments, and 
structures biosynthesized by genetic mutants. In this review, 
the ecological niche of each organism type will be 
considered in turn, together with the mass spectrometric 
analysis of their key chlorophylls/bacteriochlorophylls.  
Fig. 1. Structures of the chlorophylls and 
bacteriochlorophylls of phototrophic 
prokaryotes. 
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2. CYANOBACTERIA 
The cyanobacteria are an extremely diverse taxonomic 
group and are photosynthetic prokaryotes that carry out 
oxygen evolving photosynthesis. Most cyanobacteria use 
chlorophyll a as their main light harvesting chlorophyll. 
Mass spectrometry studies of chlorophyll a are addressed in 
[1] (this issue), and cyanobacteria that utilise chlorophyll a 
as a main photosynthetic pigment will not be considered 
here. Several genera of cyanobacteria however contain 
different chlorophylls as their main light harvesting 
chlorophyll, including divinyl chlorophyll a 
(Prochlorococcus) and chlorophyll d (Acaryochloris) (for 
structures, see Fig. 1). Furthermore, several genera have 
been found to produce far-red absorbing chlorophylls under 
conditions where UV/vis is depleted and far red light is 
available [2]. These cyanobacteria, and the mass 




Prochlorococcus is a marine cyanobacterium abundant in 
oligotrophic waters [3] that contains divinyl chlorophylls a 
and b [4]. Prochlorococcus forms different ecotypes which 
vary in their proportions of divinyl chlorophyll a and b, and 
their adaptation to different light intensities [5,6]. Before the 
availability of the soft ionization techniques atmospheric 
pressure chemical ionization (APCI) and electrospray 
ionization (ESI), divinyl chlorophylls a and b were studied 
by fast atom bombardment mass spectrometry, during which 
a high velocity beam of an inet gas (eg. Xenon) is directed 
onto the sample within a matrix (eg. Glycerol, or 
chloroform/trigol for chlorophylls [7], causing desorption of 
protonated or deprotonated molecules from the sample. 
FAB-MS yielded both radical cations and protonated 
molecules for divinyl chlorophyll a at m/z 890 and 891, 
respectively [7], and a radical cation at m/z 904 for divinyl 
chlorophyll b [8]. For divinyl chlorophyll a, a further peak in 
the FAB-MS spectrum was observed at m/z 613, 
corresponding to loss of the phytyl side chain from the 
protonated molecule [7]. Recently, a strain of Alexandrium 
ostenfeldii, a eukaryotic dinoflagellate was found to produce 
divinyl chlorophyll a in addition to chlorophyll a [9] 
probably due to a genetic mutation. The growth rate, and 
fitness was reduced compared to the chlorophyll a-
containing strain, indicating the strain would be a minor 
population in a dinoflagellate assemblage, so therefore, this 
first report of divinyl chlorophyll a outside of the 
cyanobacterial genus Prochlorococcus is unlikely to affect 
the robustness of divinyl chlorophyll a as a marker for 
Prochlorococcus. The application of high resolution positive 
ion electrospray ionsation (ESI)-MS allowed a more 
thorough examination of the MS properties of this 
chlorophyll than FAB-MS. High resolution ESI-MS spectra 
revealed all ions appeared two daltons lower than those 
observed for chlorophyll a (reviewed by [10]), consistent 
with an additional double bond compared to chlorophyll a. 
The high mass range exhibited sodiated (m/z 913.5084) and 
protonated (m/z 891.5255) molecules consistent with the 
monoisotopic mass of divinyl chlorophyll a (Fig. 2). Main 
fragment ions corresponded to loss of the phytyl chain (m/z 
613.2301), and from combined losses of the phytyl chain and 
methanol (32 Da), from the carbomethoxy substituent at  C-
13
2
 (581.2029; Fig. 2), and the phytyl chain and the entire 
carbomethoxy substituent (553.2083; Fig. 2; [9]). The loss of 
60 Da from the carbomethoxy substituent is also observed in 
the high mass region at m/z 831.5052, occurring directly 
from the protonated molecule (Fig. 2).  Notably, analysis of 
divinyl chlorophyll a and b using ESI-MS can also result in 
formation of radical cations during ionization and MS/MS as 
observed by [11].  
 
2.2 Acaryochloris 
Fig. 2. High resolution ESI-MS of divinyl 
chlorophyll a. Reproduced from [9]. 
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Acaryochloris marina is a unique cyanobacterium that 
utilizes chlorophyll d as its principle light harvesting 
pigment instead of chlorophyll a [12, 13]. The habitats of 
Acaryochloris marina include the underside of both red 
algae [14], and didemnid ascidians, which comprise habitats 
enriched in near-IR compared to UV/vis, providing a niche 
for cyanobacteria containing chlorophyll d [15]. Since the 
discovery of Acaryochloris spp. it has been found to be 
widely distributed in both aquatic and terrestrial systems, 
including a eutrophic hypersaline lake [16], high altitude 
lakes [17], temperate freshwater and saline lakes [18], 
terrestrial epilithic and endolithic biofilms [19, 20, 21] and 
stromatolites [22]. Furthermore, the occurrence of 
chlorophyll d and its degradation products in sediments has 
been reported to be widespread [18], although substantial 
conversion of pyrophaeophorbide a into pyrophaeophorbide 
d has been reported under mild conditions [23]. Similarly, 
conversion of chlorophyll a into chlorophyll d has been 
achieved using a thiol under acidic conditions [24], and 
conversion of vinyl to formyl groups in naturally occurring 
chlorophylls under mild conditions [25]. Thus until similar 
reactions in natural environments are well understood, the 
apparent widespread distribution of chlorophyll d-type 
structures in sediments should be interpreted with caution.  
The structure of chlorophyll d differs from that of 
chlorophyll a in the presence of a formyl group at position 
C-3 (Fig. 1), where chlorophyll a exhibits a vinyl group. 
Under liquid chromatography (LC)-APCI-MS/MS with post 
column addition of formic acid [26], chlorophyll d gave rise 





 respectively [27, 28]. Isolation and 
fragmentation of the ion at m/z 873 in the ion trap gave rise 
to major ions at m/z 595 and m/z 535 in MS
2
, arising from 
loss of the phytyl chain from C-17
3
, and loss of the phytyl 
chain in addition to the CO2Me group from C-13
2
, 
respectively [27, 28]. Further fragmentations can be 
discerned from the APCI multistage tandem mass spectra of 
methyl-pyrophaeophorbide d [23] (Fig. 3), as this structure 
lacks a phtyl chain at C-17
3
 and carbomethoxy substituent at 
C-13
2
. The protonated molecule of methyl-
pyrophaeophorbide d (Fig. 3) occurred at m/z 551, 2 m/z 
units more than methyl-pyrophaeophorbide a ([M+H]
+
 = m/z 
549). The MS
2
 spectrum of m/z 551 gave rise to prominent 
ions at m/z 523 and 437, corresponding to loss of CO from 
C-13
1
 and its loss in combination with the entire C-17
1
 
methylpropionate ester accompanied by hydrogen transfer to 
the charge retaining macrocycle, respectively (Fig. 3; [23]). 
The occurrence of the same losses in the MS
2
 spectrum of 
methyl-phaeophorbide a, lends support to the assignments 
[29]. The relative abundance of m/z 523 is significantly 
higher in the MS
2
 spectrum of methyl-pyrophaeophorbide d, 
than that of the analogous ion in the MS
2
 spectrum of 
methyl-pyrophaeophorbide a [23, 29] indicating an increased 
probability of losing 28 Da to form the base peak at m/z 523 
i.e. more than one source of m/z 28 from the macrocycle of 
methyl-pyrophaeophorbide d. Furthermore, isolation and 
fragmentation of m/z 523 gave rise to a second loss of 28 Da, 
forming a base peak at m/z 495 in MS
3
, and attributed to a 
second loss of CO, formally arising from the formyl 
substituent at position C-3 (Fig. 3; [23]). A second loss of 28 
Da is not observed in the MS
n
 spectra of methyl-
pyrophaeophorbide a [29]. Two successive losses of 28 Da 
are, however, observed in the MS
n
 spectra of methyl-
pyrophaeophorbide b, which exhibits a formyl group at 
position C-7 [30]. Two successive losses of 28 Da are also 
observed in the MS
n
 spectra of bacteriochlorophyll e [31], 
which also exhibits a formyl group at position C-7. Thus, 
two successive losses of 28 Da during MS
n
 studies is 
indicative of formyl-substituted chlorins. 
 
2.3 Chlorophyll f-producing cyanobacteria 
In addition to Acaryochloris, other aquatic and terrestrial 
cyanobacteria occur in environments that receive light 
diminished in UV/vis, but replete in near-IR because of 
shading by organisms above them eg. in benthic mat or soil 
communities. Some cyanobacteria are able to use far red 
light for photosynthesis, by utilizing chlorophyll f [32] and 
chlorophyll d in addition to chlorophyll a and undergoing an 
extensive remodeling of their photosynthetic apparatus [33]. 
To date, thirteen strains of sequenced cyanobacteria have 
been shown to contain the gene cluster necessary for growth 
in far red light [33], and five diverse strains, including 
representatives from Synechecoccus sp.  and 
Chlorogloeopsis sp. have been shown experimentally to 
exhibit far red light acclimation [2]. 
The near-IR absorbing chlorophyll f [32] was isolated from 
the filamentous cyanobacterium Halomicronema 
hongdechloris [34], and has since been discovered in 
cyanobacteria from natural habitats including a Japanese lake 
[35], a dense cavernous biofilm [36], beachrock biofilms 
Fig. 3. APCI multistage tandem mass spectra of 







. In each case the most abundant ion was 
selected as the precursor for the next spectrum. 
Reproduced from [23]. 
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[37] and a culture of the cyanobacterium Chlorogloeopsis 
fritschii grown under natural and near-IR light [27]. Under 
soft ionisation conditions, chlorophyll f produces a 
protonated molecule at m/z 907, isobaric with that of 
chlorophyll b under both APCI [27, 28] and ESI [33, 38], 
whereas matrix assisted laser desorption ionization (MALDI) 
yielded M
+.
 [32]. Upon fragmentation, chlorophyll f gives 
rise to an MS
2
 spectrum typical of a formyl substituted 
chlorophyll macrocycle [31], comprising an ion at m/z 879 
corresponding to loss of 28 Da from [M+H]
+
. The base peak 
in MS
2
 corresponded to an ion at m/z 629, arising from the 
loss of the phytyl chain [27, 28, 32, 33], as commonly seen 
for phytol-esterified chlorophylls [10]. As [M+H]
+
 of 
chlorophyll f is isobaric with that of chlorophyll b, and the 
fragmentations observed under MS
n
 are typical of those of 
formyl substituted chlorophylls, LC/MS in combination with 
UV/vis detection is necessary to distinguish chlorophyll f 
and chlorophyll b. 
3. GREEN BACTERIA 
The green bacteria occur within three phyla: the green 
sulphur bacteria of the phylum Chlorobi, the filamentous 
anoxygenic phototrophs of the phylum Chloroflexi and the 
more recently discovered Candidatus Chloracidobacterium 
thermophilum [39] of the phylum Acidobacter.  
Chlorobiaceae e.g. Chlorobium limicola are strict anaerobes 
that grow by utilizing sulphide or thiosulphate as an electron 
donor for photosynthesis [40]. Chloroflexaceae e.g. 
Chloroflexus aurantiacus are facultative anaerobes which 
can utilize carbon compounds as electron donors for growth. 
The green bacteria contain bacteriochlorophylls c, d, or e as 
their main photosynthetic pigments, and locate their 
pigments inside similar structures (chlorosomes) within the 
cell, but they use different types of electron transfer 
pathways.  
Light available to organisms that require anoxic 
environments is usually severely limited due to attenuation 
with depth either, for example, through a water column or a 
microbial mat. Chlorobiaceae have been shown to 
biosynthesize higher proportions of bacteriochlorophylls 
with extended side chains in response to low light 
conditions, allowing them to produce longer wavelength 
absorbing aggregates in their chlorosomes which may be 
advantageous either in light absorption or to effect more 
efficient transfer of energy to the reaction centre [41, 42]. 
Bacteriochlorophylls c, d and e are dihydroporphyrins that 
lack the C-13
2
 carbomethoxy group of chlorophylls and 
bacteriochlorophylls a and b, and hence their MS
n
 spectra 
lack ions arising from fragmentation of this group [10]. All 
three of the bacteriochlorophylls of Chlorobiaceae possess a 
hydroxyethyl substituent at position C-3 (Fig. 1). 
Additionally, the major esterifying alcohol at position C-17
3
 
is farnesol, although a number of other esterifying alcohols 
have been reported [43-49]. Bacteriochlorophyll e has an 
aldehyde at position C-7, where bacteriochlorophylls c and d 
exhibit a methyl group (Fig. 1). Bacteriochlorophyll d lacks 
the methyl substituent present in bacteriochlorophylls c and e 
at position C-20. Bacteriochlorophylls c, d and e exist as 
series of homologues that differ in the degree of alkylation at 
positions C-8 and/or C-12 (Fig. 1). Within Chlorobiaceae, a 
series of secondary homologues can occur, which differ by 
both the degree of alkylation at C-8 and/or C-12, and the 
esterifying alcohol at position C-17
3
. The 
bacteriochlorophylls of Chloroflexaceae exist as series of 
structures that usually have a single alkylation pattern of [Et, 
Me] at C-8 and C-12 and differ in the nature of the 
esterifying alcohol at position C-17
3
 [50-52], although 
variation of both the esterifying alcohol and the degree of 
alkylation at C-8 and C-12 has been observed in some strains 
[52]. An enrichment culture of Candidatus 
Chloracidobacterium thermophilum was found to contain a 
complex pattern of bacteriochlorophyll c homologues 
consistent with both methylation at C-8 and/or C-12, and a 
variety of alcohols esterified at position C-17
3
 [39]. The 
diversity of structures exhibited by the bacteriochlorophylls, 
and the differences in the macrocycle substituents compared 
to those of chlorophylls a and b, make them excellent 
candidates for studies by mass spectrometry. 
Some elements of bacteriochlorophyll fragmentation during 
mass spectrometry studies have been reviewed previously 
[10]. Thus, the salient points only will be considered here. 
The hydroxyethyl group at position C-3 of 
bacteriochlorophylls c, d and e has been observed to 
fragment both by dehydration, producing [M+H-18]
+
 which 
can be observed in the full mass spectrum, as well as a minor 
ion in MS
2
 [31, 46, 53, 54], and by the loss of 44 Da, 
assigned as the loss of the entire substituent with proton 
transfer back to the macrocycle [31, 55, 56]. The absence of 
the C-20 methyl group i.e. the structural difference between 
bacteriochlorophylls c and d, influences the fragmentation of 
the C-3 hydroxyethyl group, in that the ion arising from a 
dehydration forms the base peak in MS
2
 of 
bacteriochlorophylls c and e, and the ion arising from the 
loss of the whole C-3 substituent with H-transfer back to the 
macrocycle forms the base peak in the MS
2
 spectrum of 
bacteriochlorophyll d [31, 56]. 
Like phytol, the isoprenoid esterifying alcohol of the 
bacteriochlorophylls, farnesol, fragments from the C-17
3
 
position under MS/MS conditions to give the base peak in 
the MS
2
 spectrum, resulting from a loss of 204 Da from 
[M+H]
+
 [31, 46, 47, 49, 53, 54, 57, 58]. Similarly, the 
isoprenoid esterifying alcohol geranyl geraniol cleaves from 
C-17
3
 to give a base peak in the MS
2
 spectrum via loss of 
272 Da from [M+H]
+
 [46, 47, 49, 52, 59]. Notably, 
esterifying alcohols that obtain no stabilization energy on 
fragmentation via conjugation of double bonds, such as 
saturated straight and branched chain alcohols, do not cleave 
to give base peak ions in MS
2
. Fragmentations arising from 
the esterifying alcohol can still be discerned, but the MS
2
 
spectra are dominated by ions arising from expulsion of 
small molecules from the macrocycle [31, 58].  
Fragmentations arising from cleavage of the alkyl 
substituents at positions C-8 and C-12 are rarely observed in 
MS
n
 studies of the parent bacteriochlorophylls, due to the 
number of more facile cleavages that can occur from the 
macrocycle substituents [31, 47]. The alkylation pattern at C-
8 and C-12 is often deduced from the mass of the protonated 
molecule and the elution order of the bacteriochlorophylls or 
determined by NMR [53, 54, 60]. In a few cases, the 
alkylation at positions C-8 and C-12 has been deduced by 
studying the MS
n







; [31, 47]. Studies of porphyrins 
with extended alkyl substituents have shown them to 
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fragment via β-cleavage, and those with ethyl and methyl 
sunstituents by α-cleavage [61]. In both cases, the losses 
correspond to alkyl radicals. By studying the 
bacteriophaeophorbides, some of the functionality of the 
structure is reduced, namely the esterifying alcohol. This 
approach leads to loss of alkyl substituents as alkyl radicals, 




 [31, 56, 
62]. The methyl and ethyl substituents of the 
bacteriophaeophorbides were found to preferentially 
fragment α to the macrocycle, resulting in losses of 15 and 
29 Da, respectively [31, 56, 63]. Conversely, n-propyl and i-
butyl substituents of the bacteriophaeophorbides fragmented 
mainly by β-fragmentation, resulting in losses of 29 and 43 
Da, respectively, permitting assignment of the alkylation 
pattern at C-8 and C-12 [31, 56, 63]. 
 
4. PURPLE BACTERIA 
 The purple bacteria contain bacteriochlorophyll a or b 
and various carotenoids, and are subdivided into the families 
Chromatiaceae (purple sulphur bacteria), and 
Rhodospirillaceae (purple non-sulphur bacteria). 
Chromatiaceae e.g. Chromatium use sulphide as an electron 
donor in photosynthesis. Rhodospirillaceae e.g. 
Rhodobacter, Rhodospirillum and Rhodosuedomonas are a 
very diverse group. Many species are unable to use sulphide 
but can metabolise simple organic molecules for sources of 
reducing power [50]. Under APCI conditions, 
bacteriochlorophyll a, analysed as the bacteriophaeophytin 
due to post-column addition of acid [26] gives rise to a 
protonated molecule at m/z 889 [47]. Isolation of the ion at 
m/z 889 in the ion trap gives rise to a prominent ion at m/z 
611 in MS
2
 [46, 47, 59], corresponding to the loss of the 
phytyl chain, consistent with phytyl-esterified chlorins and 
bacteriochlorins.  An ion observed in MS
2
 at m/z 829 
corresponded to a loss of 60 Da, assigned to loss of the C13
2
 
carbomethoxy group with hydrogen abstraction from the 
charge retaining species ([M+H-HCO2Me]
+
 [59]. An ion at 
m/z 847 corresponding to a loss of 42 Da, was attributed to 
the loss of ethylketene from the C-3 position of the 
protonated molecule ([M+H-CH2CO]
+
) [59].  One species of 
purple bacteria, Rhodospirillum rubrum, has been found to 
use bacteriochlorophyll a esterified with geranyl geraniol as 
the principal light harvesting pigment [64]. Under APCI 
conditions, bacteriophaeophytin a  esterified with geranyl 
geraniol gave rise to [M+H]
+
 at m/z 883, 6 Da lower than 
that of bacteriophaeophytin a. Isolation and fragmentation in 
the ion trap gave rise to the same ions as 
bacteriophaeophytin a at m/z 611 and 511, corresponding to 
the loss of the esterifying alcohol and the combined losses of 
the esterifying alcohol and the carbomethoxy substituent, 
indicating the structural difference between the 
bacteriophaeophyins a was in the esterifying moiety. The 
mass loss of 272 Da was consistent with geranyl geraniol. 
Notably, the high mass ions in MS
2
, occurred at m/z 823, and 
841, 6 Da lower than those in the MS
2
 spectrum of 
bacteriophaeophytin a [59], providing further evidence of the 
esterifying alcohol as the site of the structural difference 
between the bacteriochlorophylls a.  
4.1 Other bacteriochlorophyll a-containing organisms 
The acidophilic bacterium Acidophilium rubrum has been 
reported to contain bacteriochlorophyll a chelated with a 
central Zn atom [65] instead of Mg which chelates all other 
known photosynthetic chlorophylls and bacteriochlorophylls. 
The zinc atom is thought to offer improved resistance to 
demetallation under acidic conditions [66]. Under FAB-MS, 
the zinc-bacteriochlorophyll gave rise to a molecular on at 
m/z 950.5, 40 Da higher than that of the Mg-chelated 
bacteriochlorophyll a [65, 66]. An ion was also observed at 
m/z 672, corresponding to a loss of 278 Da from the 
molecular ion, attributed to the loss of phytyl [65, 66]. 
Notably, under FAB-MS, the demetallated pigment gave rise 
to ions at m/z 888 and m/z 610, corresponding to those of 
bacteriophaeophytin a [66], providing further evidence of the 
central chelated metal being the source of the mass 
difference between the bacteriochlorophyll structures. 
A bacteriochlorophyll a-producing bacterium isolated from a 
freshwater lake in the western Gobi Desert was found to 
belong to the phylum Gemmatimonadetes [67], increasing 
the number of bacterial phyla which contain 
(bacterio)chlorophyll-based phototrophic species.  
Aerobic anoxygenic phototrophic bacteria are a diverse 
group of bacteria that contain bacteriochlorophyll a and 
require oxygen for both growth and bacteriochlorophyll a 
biosynthesis, and can perform both phototrophy and 
heterotrophy [68]. They are reported to be widely distributed 
among marine plankton [69], and can comprise 11% of the 
total marine microbial community [70]. The aerobic 
anoxygenic phototrophic bacteria assemblages have been 
found to contain multiple, distantly related, 
photosynthetically active bacterial groups, including some 
unrelated to known and cultivated types [71]. The 
bacteriochlorophyll contect per cell of these bacteria is 
typically lower than other phototrophs [72]. 
5. HELIOBACTERIA 
 Heliobacteria are anoxygenic phototrophs that contain 
bacteriochlorophyll g as their sole chlorophyll pigment [73, 
74]. They are primarily soil residents, and are widely 
distributed in the soils of rice paddy fields. 
Bacteriochlorophyll g, like bacteriochlorophylls a and b, has 
a bacteriochlorin π-system with single bonds at C-7-C-8 and 
C-17-C-18. Bacteriochlorophyll and bacteriophaeophytin g 
have been analysed by heavy ion desorption mass 
spectrometry (
252
Cf-PDMS; [75], a time of flight technique 
in which molecular ions of the sample are created by impact 
of fission fragment ions resulting from the spontaneous 
fission of 
252
Cf. Under these conditions, average molecular 
ions at m/z 819 and 797 were observed for 
bacteriochlorophyll and bacteriophaeophytin g, respectively 
[75], differing in 22 Da, the expected mass difference 
between magnesium-chelated and unchelated 
(bacterio)chlorophylls. Ions occurring at [M-204]
+
 were also 
observed in the mass spectra, indicating bacteriochlorophyll 
g was esterified by farnesol, and not geranyl geraniol as 
previously suggested [74]. Under FAB-MS conditions in a 
m-nitro-benzyl alcohol matrix, ions at m/z 818 and 614 were 





 [66]. These mass spectrometry techniques 
did not permit observation of a fragmentation from the 
carbomethoxy group at C-13
2
 of bacteriochlorophyll g. 
CONCLUSION 
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Mass spectrometry has been valuable for studying the 
pigments of phototrophic prokaryotes, particularly where 
high structural variation occurs eg. homologues and pseudo-
homologues of bacteriochlorophylls c, d and e, where the 
structural variation between homologues does not affect their 
UV/vis absorption spectra. The esterifying alcohol, presence 
or absence of a carbomethoxy substituent, chelating metal, 
macrocycle substituents and extent of alkylation at C-8 and 
C-12 are all discernable using MS
n
 studies. Exploration of 
our natural environment continues to find previously 
uncharacterized photosynthetic prokaryotes utilizing subtle 
but significant modifications to the chlorophyll and 
bacteriochlorophyll structures in our current knowledge. 
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